Background
Introduction
Diabetes mellitus (DM) is well known to be the leading cause of chronic kidney disease (CKD). [1] Meanwhile, DM is a cardiovascular disease (CVD) equivalent since people with DM carry a two-fold risk of mortality majorly caused by cardiovascular disease (CVD). [2] Also, studies have demonstrated that CKD imparts an extremely high risk of CVD. [3] Therefore, the comorbidity with DM and CKD is a high-stakes combination for cardiovascular complications and mortality.
Initial intensive glycemic control in individuals with newly diagnosed DM has a long-term benefit in decreasing the risk of myocardial infarction (MI). [4] Lowering HbA1c levels to approximately 7.0% reduces the development of macroalbuminuria, and the deterioration of kidney function. [5] [6] [7] However, iatrogenic hypoglycemia is a well-recognized consequence of intensive glucose management and excess mortality has been observed with intensive glucose control in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study. [8] Severe hypoglycemia in the Veterans Affairs Diabetes Trial (VADT) study was proved to be a powerful predictor of cardiovascular death. [9] Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial also showed an association between severe hypoglycemia and adverse study outcomes. [10] Patients with decreased kidney function have increased risks for hypoglycemia for 2 reasons: (1) decreased clearance of insulin and some of the oral agents used to treat diabetes [11, 12] , and (2) impaired kidney gluconeogenesis. [12] It is not known whether different DM treatment agents would bring different outcomes in patients with end stage renal disease (ESRD). The aim of this study is to investigate whether different oral anti-diabetic agents (OADs) or insulin treatment would have impact on the incidence of new-onset MI in patients with ESRD undergoing dialysis therapy.
Materials and Methods

Registry data source
This nationwide, retrospective cohort study used integrated medical and pharmacy claims data from National Health Insurance Research Database (NHIRD) in Taiwan. To comply with data privacy regulations, personal identities were encrypted and all data were analyzed in a de-identified manner. All the data used in our study were released and approved by the Collaboration Center of Health Information Application, Ministry of Health and Welfare, Executive Yuan, Taiwan. In Taiwan, ESRD patients undergoing hemodialysis and peritoneal dialysis are categorized as "severe illness", which were established as a registry system by the NHIRD. The history of diagnosis and procedures was provided as the International Classification of Diseases Ninth Revision Clinical Modification (ICD-9-CM) codes. In addition, this registry system contains nearly complete the medications, procedures, every OPD visits and hospital admission covered by the insurance were recorded in the database. The Bureau of National Health Insurance performs routine validations of the diagnoses by reviewing the original medical charts of all of the patients who applied for catastrophic illness registration.
Study population
For the current study, the NHIRD claims database was investigated for the period covering 1995 to 2008. By reviewing ambulatory and inpatient claims data, we included subjects over 18 years of age with diagnosis of diabetes in 1995 and 1996. Like our previous study [13] , the date of the firsttime that had both a diagnosis of ESRD (ICD9-CM: 585.6, 585.9, 586) and a procedure of hemodialysis (ICD9-CM: 39.93) was operationally defined as the index date. The main exposure of interest was anti-hyperglycemic therapy, identified from prescription claims. The criteria to define the insulin or OADs users were taking these medications for more than 30 days during the following period. Subjects using combination therapy of insulin, sulfonylureas, meglitinides or thiazolidinedione (TZD) and monotherapy but with different OADs or insulin alternatively were excluded. We also excluded first generation sulfonylureas due to small population. We had 5 kinds of second generation sulfonyureas (around 40 of generic drugs with different doses), 3 kinds of meglitinides (around 10 of generic drugs with different doses), 2 kinds of TZD and 5 kinds of insulin. Patients were classified into four groups including patients receiving monotherapy (1) with insulin treatment; (2) with sulfonylureas treatment; (3) with meglitinides treatment and (4) with TZD treatment. A flowchart for the identification of study subjects is shown in Fig 1. 
Covariates and outcomes
Comorbidity was defined by diagnoses at hospital discharge or in clinic records. For the current study, we searched the database to identify the presence of hypertension (HTN) (ICD-9-CM codes: 401.X-405.X), dyslipidemia (272.X), ischemic stroke (ICD9-CM code, 434.X), hemorrhagic stroke (ICD9-CM code, 430.X), coronary artery disease (CAD, ICD9-CM code, 411.X-414.X, V17.3, V81.0), congestive heart failure (CHF) hospitalization (ICD9-CM code, 428.0-428.3, 429.9), peripheral artery disease (PAD) (ICD9-CM code, 250.7, 443.X, 444.2). Medications that were dispensed at time of index date, including angiotensin converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), beta-blockers, calcium channel blockers (CCB), diuretics and statin were identified.
The main purpose of the study was to compare the incidence of newly-developed MI among four groups of patients. Diagnosis of MI was based on ICD-9-CM coding (ICD9-CM code, 410.1-410.9) in any ambulatory visit and discharge diagnoses.
Statistical analyses
Baseline characteristics, comorbidities, and medication use among four groups were summarized and reported. Person-days of follow-up in each drug use category were computed for all patients in the cohort. One-way ANOVA was used for continuous variables and chi-square test was employed for categorical variables. The crude incidence rates for MI were calculated.
Because of the heterogeneity of four groups, the propensity scores were constructed using multinomial logistic regression to model the receipt of different anti-hyperglycemic agents as a function of baseline patient characteristics. [14] All the background characteristics listed in Table 1 , such as age, gender, comorbidities, and medications were included in the multinomial logistic regression model during construction of the propensity scores.
A Cox proportional hazards regression model was conducted to calculate the hazard ratios (HR) of MI adjusted for baseline demographic data, comorbid conditions and concomitant medication and their 95% confidence intervals using insulin monotherapy as the reference group. The propensity score was applied to reduce the potential bias and to make the four groups more comparable. Using propensity scores as covariates in the regression model could obtain better estimated probability of treatment assignment. [14] To test the consistency of the results, we also did subgroup analyses for different gender, age, presence of HTN, CVD and CHF with adjustment for all confounders. The event-free survival curves of the four groups were illustrated by using the Kaplan-Meier method. The log-rank analysis was applied to test the differences in survival among groups.
All of the analyses were conducted using the Statistical Package for the Social Sciences (SPSS) for Windows, Version 19.0 (SPSS, Inc., Chicago, Illinois). A P value < 0.05 was considered statistically significant.
Results
Patient characteristics
There were 15161 patients who met the study inclusion criteria; 5998 (39%) use insulin, while 6129 (40%) used sulfonylureas, 2672 (18%) used meglitinides and 362 (3%) used TZD. The median follow-up time was 1357 days. The algorithm was listed in Clinical and demographic characteristics were listed in Table 1 . Patients in insulin and sulfonylureas group were significantly younger than other two groups and there were significantly less female patients in sulfonylureas and meglitinides group as compared with other two groups. The prevalence of receiving hemodialysis therapy was significantly higher in other three groups than in insulin group. The prevalence of risk factors was higher in insulin, meglitinides and TZD group than in sulfonylureas group, including HTN and dyslipidemia. On the other hand, the prevalence of comorbidities including ischaemic stroke/TIA, hemorrhagic stroke and CAD was higher in insulin, sulfonylureas and TZD group than in meglitinides group. The prevalence PAD was higher in insulin group than in sulfonylureas, meglitinides and TZD group. Finally, CHF hospitalization was lower in meglitinides and TZD groups than in insulin and sulfonylureas group. The baseline characteristics revealed heterogeneous among four groups. In terms of medications, patients receiving anti-platelet drugs were more common in insulin group than other three groups. Patients in sulfonylureas group receiviedmore ACEIs but less ARB and beta-blockers than other three groups. Around 70% patients received CCBs but less common in meglitinides group. At last, more patients received statins in TZD group.
Main outcome: MI
The median follow-up durations were 1330, 1821, 1261 and 1440 days in insulin, sulfonylureas, meglitinides and TZD groups, respectively. The absolute incidence of MI during the entire follow-up period was more in sulfonylureas (10.4%), meglitinides (6.9%) and TZD (9.6%) groups as compared with that in insulin group (6.3%) ( Table 2 ). After transforming the incidence into patient-years, the incidence was still much lower in insulin group (15.0 per 1000 patient-years) as compared with that in sulfonylureas (20.7 per 1000 patient-years), meglitinides (17.8 per 100 patient-years) and TZD groups (21.5 per 1000 patient-years).
The results of Cox's regression analyses were demonstrated in Table 3 . After adjusting for potential confounders, in comparison with the insulin group, monotherapy of sulfonylureas (HR: 1.523; 95% CI: 1.331-1.744), meglitinides (HR: 1.251; 95% CI: 1.048-1.494) and TZD (HR: 1.515; 95% CI: 1.071-2.145) were associated with higher risk for developing MI. We observed similar results when we added propensity score in the model (HR: 1.516; 95% CI: 1.325-1.735, HR: 1.245; 95% CI: 1.043-1.486 and HR: 1.509; 95% CI: 1.066-2.137, respectively) ( Table 3 ). The Kaplan-Meier survival curves were illustrated in Fig 2. The log-rank test was significant in sulfonylureas, meglitinides and TZD groups vs. insulin group (P < 0.001).
The results of subgroup analyses were demonstrated in Table 3 and Fig 3. As shown in Fig  3, compared with insulin usage, sulfonylureas usage was associated with higher risk of MI among the subgroups. For patients treated with meglitinides, there was a similar results except in patients who were female, without HTN, hyperlipidemia and CHF. Likewise, in TZD group, 
Discussion
This is a nationwide study covering almost 100% of ESRD patients receiving dialysis therapy in Taiwan. Our results showed that patients receiving monotherapy with insulin have a lower risk of MI compared with sulfonylureas, meglitinides and TZD treatment. Treatment options available for patients with ESRD undergoing dialysis are limited due to safety and tolerability issues, especially for OADs. [15, 16] Insulin injection therapy remains the mainstay of treatment in these patients in order to achieve good glycemic control. [17] Even though recently there were many trials designed to assess the cardiovascular efficacy of current antihyperglycemic drugs, there is no adequate data concerning the use of OADs in dialysis patients, since patients with ESRD were often excluded in these trials. [9, 10, 18] To our knowledge, this study is the first to assess the long-term cardiovascular effect of insulin, sulfonylureas, meglitinides and TZD in patients with ESRD. Patients with CKD have many concerns when receiving anti-diabetic therapy. For example, several studies have demonstrated that metformin might cause lactic acidosis in patients with advanced CKD. [19, 20] Also, patients treated with first-generation sulfonylureas should be closely monitored to avoid hypoglycemic events because they rely on the kidneys to eliminate both the parent drug and its active metabolites. [21] This is probably the main reason that these sulfonylureas were less prescribed in Taiwan in patients with ESRD and we excluded these patients in this study due to small population. For metglitinides, both repaglinide and nateglinide should be started cautiously with half dosage in advanced CKD patients although an increase in the levels of the active metabolite only happens in nateglinide but not in repaglinide. [22, 23] Rosiglitazone and pioglitazone are cleared by liver and don't lead to hypoglycemia in patients with CKD. [24] But fluid retention is a major side effect limiting their use in advanced CHF and CKD. For insulin, about one-third insulin is excreted by kidney and patients should closely monitor their glucose levels when treated intensively. [15] Insulin requirements show a biphasic course in diabetic patients with advanced renal disease. Initially, the glucose control becomes worse as renal function deteriorates, resulting from increasing insulin resistance. [25] As falling of renal function continues, the marked fall in insulin clearance allows a lower dose of insulin to be given, along with an improvement in glucose tolerance. [26, 27] With the starting of hemodialysis, the insulin requirement will depend upon the net balance between the improvement of tissue insulin sensitivity and the restoration of hepatic insulin metabolism. For diabetic patients with ESRD undergoing stable dialysis, it is essential for physicians to carefully adjust the insulin dosage. Unlike insulin, the metabolism of OADs in ESRD patients is far more complicated and the dosage adjustment is difficult. [28] As a result, it is possible that the beneficial effect of insulin on MI in this study is an epiphenomenon of reducing hypoglycemic events.
The annual incidence of new-onset MI is around 2% in this study, which is in accord with the result of a previous Taiwan nation-wide systemic sampling study. [29] In recent three trials assessing the cardiovascular safety and efficacy of dipeptidyl peptidase 4 (DPP-4) inhibitor, the annual incidence of MI is between 1.2 to 1.5% in the cohorts with or without old MI [30, 31] and around 4% in the cohort after acute coronary syndrome. [32] The incidence of MI is somewhat lower in our study since our patients were all receiving dialysis therapy, a condition leading to substantially increased risk of CVD. Since we only included patients receiving monotherapy for DM, it is possible that the lower incidence results from less severity of DM.
ESRD is an extreme manifestation of DM nephropathy, a microvascular complication of the disease mostly results from poor control of blood glucose. [15] In our cohort, a majority of patients (98.7%) had DM prior to dialysis, implying that poor DM control might be the leading Hazard ratios of myocardial infarction (MI) in specific subgroups of sulfonylureas treated patients by using insulin as reference group. B. Hazard ratios of MI in specific subgroups of meglitinides treated patients by using insulin as reference group. C. Hazard ratios of MI in specific subgroups of TZD treated patients by using insulin as reference group. Abbreviations: CI, confidence interval; CVD, cardiovascular disease (combination of coronary artery disease, ischemic stroke, hemorrhagic stroke, peripheral artery disease); CHF, congestive heart failure; HTN, hypertension; HR, hazard ratio; TZD, thiazolidinedione. cause of ESRD. However around 25% of patients received monotherapy for DM. Previous reports have demonstrated that hemodialysis, mainly by clearing circulating urea, could improve insulin sensitivity and the basal insulin requirements may have a significant 25% reduction of dosage in patient on maintenance dialysis. [33] The increase of insulin sensitivity is probably one of the reasons to explain our observation that a large amount of patients in our study received monotherapy for DM.
In real world, the traditional approach is to initiate monotherapy first, followed by combination therapy to achieve adequate glycemic control. In addition, monotherapy was not enough to maintain decent HbA1c level for these high cardiovascular risk patients. On the other hand, patients who were initially prescribed a drug other than metformin were more likely to need treatment intensification with a second oral glucose-lowering medication or insulin. [34] Nevertheless, monotherapy with insulin may be indicated for initial treatment for some patients, especially those with impaired renal function. [17] Although our patients limited to monotherapy constituted a small portion of DM population, this study could evaluate the pure effect of different anti-hyperglycemic agents on cardiovascular outcomes. The result favoring insulin use may provide the evidence and useful information to physicians to guide selection of initial therapy for ESRD and DM patients.
Limitations
There are several limitations in this study. First, the current study is a retrospective, nonrandomized study. Second, the imbalance in risk factors among different antihyperglycemic agents' users in the whole cohort exists and along with treatment selection bias. The result might be still confounded by other underlying disease we did not consider despite we adjusted the confounding factors. Third, the diagnosis of new MI was based on the administrative data reported by physicians, resulting in the concern of accuracy and under-diagnosis. Fourth, we did not analyze the outcome of patients receiving alpha-glucosidase inhibitors and DPP-4 inhibitors, since there were nearly no subjects received monotherapy for alpha-glucosidase inhibitors. As for DPP-4 inhibitors, the licenses were approved in Taiwan after March/2009, which is not in our survey period. Finally, owing to lack of information on glycemic control and data of HbA1c, the beneficial effect of insulin might result from better DM control by insulin rather than avoidance of hypoglycemic events caused by OADs. UK Prospective Diabetes Study (UKPDS) has showed an association between intensive glucose control and a reduced risk of MI over 20 years. [4] However, some clinical trials failed to show beneficial effect of intensive control on cardiovascular outcomes. [35] Though studies of hyperglycemia as a risk factor for cardiovascular events have shown somewhat conflict results, the lack of an analysis of diabetic control weakens the study.
Conclusions
In this nation-wide cohort study, we showed that in patients with ESRD receiving replacement therapy, insulin usage is associated with less risk of developing MI compared with other OADs.
